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Introduction 

What is the Extreme Precipitation Forecast Improvement Project?    
A national team consisting of WPC-leadership, NWS Science and Operation Officers (SOOs), and RFC 
representatives tasked by the Office of Science and Technology Integration (STI) to work projects that 
help improve predictions and Impact-based Decisions Support Services (IDSS) associated with 
extreme precipitation events.  
 
Primary Goal: Improve IDSS by increasing forecaster situational awareness leading up to an event. 



NWS Service Assessments conducted after high-impact precipitation events consistently highlight 
weaknesses in situational awareness, IDSS, collaboration and communication.  

South Carolina 2015 assessment:  
“Information shared from WFOs 
directly to the public did not 
convey the full extent of risk” 

Southeast 2009 assessment:   
“FFG was eventually exceed by 900%, 
but forecasters had limited historical 
context or tools to utilize to help put this 
information into impact perspective.” 

Front Range 2013 assessment:   
“There was limited direct coordination 
regarding rainfall potential and flash 
flooding potential between WPC and the 
impacted WFOs and RFCs prior to this event.” 

Motivation 
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Research → Test → Implement → Improve  

From Collaboration to Operation! 
The “R2O” path 

1.  Explore the factors associated with severe flooding 
from precipitation  

2. Consult experts on extreme precipitation   

3.  Consider design concept and data sources leveraged   

 Climatologically significant rainfall  
 Antecedent conditions  

Data sources: NOAA Atlas 14, Atlas 2, Tech Paper 40  

100-yr ARI, 6 hr duration 



Average Recurrence Interval (ARI)   
→ The average or expected value of the periods 
(years) between exceedances of a given rainfall total 
accumulated over a given duration.   

• Rainfall ARIs ≠ Flooding ARIs       
NOAA Atlas-14    
→ Most recent, comprehensive dataset providing 
point-based, precipitation frequency estimates 
(inches) associated with a given ARI  
 

ARI data can be used to: 
Compare to observations (QPE) and forecasted rainfall (QPF) → measures 
the rarity or extreme nature of a rainfall event → Ideal for IDSS 

ARI Review 
“AEP” 
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Culverts → 5-50+ ARI 

Small Dams → 50-100 ARI Large Dams → 100+ ARI 

Rural levees → 2-50 yr ARI 

Why use ARIs? 
Research → Test → Implement → Improve  



ARI Research 
 
Dr. Russ Schumacher and Greg Herman (Colorado State University) 

 ARIs are generally better correlated with FF reports compared to a fixed QPF 
threshold.  

 Results are regionally dependent; some regions like the Northern Great Plains show 
that a fixed exceedance threshold of 2.5 in/24 hrs correspond best to FF reports.     

 
Scott Lincoln at (Sr. Hydro.-LMRFC) and Rachelle Thomason (intern-LMRFC) 

 2-yr ARI could be used for warning threshold  
 25-yr ARI could indicate major flooding   

 
Rich Grumm (SOO-CTP)  

 GFS tends to under forecast 6-hour QPF amounts for top 1% events → QPF/100-yr 
ARI ratios over 70% are difficult to achieve 

 Forecasters should be mindful of extreme rainfall potential when the 6-hour 
QPF/100-yr ARI ratios are over 50%  

 Forecasters should be concerned about an extreme event as the values approach and 
exceed 70%.   

 Values near 100% are rare and often indicate extreme rainfall and higher end 
flooding. 
 

Research → Test → Implement → Improve  



Design, Data, and Platform 

Extreme Precipitation Forecast Table (EPFT)   
• Design → Situational Awareness Table → Highlight climatologically significant rainfall 
• Data → NOAA Atlas 14 Average Recurrence Intervals  
• Platform → AWIPS→ Large source of QPF guidance → Can be utilized by WFOs, RFCs, and WPC, and Regions  

 

Research → Test → Implement → Improve  

(max[QPF/ARI] *100)  
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 Texas and Pac NW filled in with  data from the DOC Tech Paper 40 (1961) and the 
NOAA Atlas-2 (1973)  

ARIs in AWIPS 
Research → Test → Implement → Improve  



Use and Calibration   
Jon Zeitler (SOO-EWX) 
 Use the EPFT as a “one stop shop” tool to check for rarity and 

consistency   
 Antecedent conditions are not considered → Overlay low water 

crossings, burns scars, areas of high streamflow, etc. to highlight 
potential trouble areas  

 Create IDSS graphics that highlight extreme nature of event and 
confidence   

 

Test Case - EWX 
Research → Test → Implement → Improve  

QPF/ARI* Potential for Damaging Impacts to Life and Property** 
< 25% Minimal 

25-50% Low 
50-75% Moderate 

75-100% High 
100-125% Very High 
125-150% Emergency 
150-175% Catastrophic 

*Compared to the 100-year ARI rainfall estimates for durations of 6- and 24-hours   
**Impacts from flooding also depend on soil moisture and type, terrain, areal coverage of rainfall, and 
geography (urban vs. rural).      
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Operational Implementation 
Research → Test → Implement → Improve  

https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/AriInstallPackage 
https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/ExtremePrecipForecastTable 

The EPFT and NOAA-14 data for GFE was uploaded to the Vlab/SCP on July 2016 
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Extreme Precipitation Forecast Table (EPFT)  
• Introduced to operations July 2016  
• Table displays  → max[QPF/ARI] *100  
• Used by WFOs, RFCs, and WPC  

Average Recurrence Interval Table (ARIT)  
• Introduced February 2017  
• Table displays → max[ARI] 

Extreme Precipitation Assessment Table (EPAT)  
• Introduced February 2017  
• Table displays  → max[QPE/ARI] *100   

ARIT  

Operational Implementation 
Research → Test → Implement → Improve  

EPAT 



March 21-22 AR Event 



January 10th, 2017 AR event  
QPF/10-yr ARI 













18-00Z March 21 00-06Z March 22 

Extreme Precipitation Assessment Table  
6-hr, 2 yr ARI 



Addition of: 
• WPC’s probabilistic quantitative precipitation forecast (PQPF) → QPF associated with the 10th, 50th, and 90th 

percentiles from an ensemble of 46-members (SREF, GEFS, ECMWF, NAM, GFS, WRF-ARW/NMM)  
 WPC guidance is the mode, variance comes from the ensemble  
 6- and 24-hr forecasts available 

• Can be used by forecasters and hydrologists to determine the probability of climatologically significant or extreme 
rainfall at a given location. 

• Can be used to identify where model guidance exists in the spread of probabilities assessed by WPC.  

Recent Improvements 
Research → Test → Implement → Improve  



Recent Improvements 

The new and improved ARIT… 



Improvements 
 Flash Flood Guidance for improved situational awareness in the short term  

1-hr 3-hr 6-hr 

Future Improvements and Enhancements 
Research → Test → Implement → Improve  

Enhancements/Additions 
 Longer duration ARIs (2-day, 3-day, 5-day) 
 Probability of ARI Exceedance (non-bias corrected → model relative frequency) 
 Anomalous meteorological ingredients analysis 
 Improved design for short-term precip, flash-flood producing situations    

 



 
Extreme Precipitation Monitor 

http://www.wpc.ncep.noaa.gov/qpf/epm/extreme_precip_monitor.php 

 
• Displays climatological significance of 

rainfall forecasted by the Weather 
Prediction Center  

• Generated with WPC’s Day 1-3 QPF for 
each 6- and 24-hour period and 
precipitation estimates from the NOAA 
Atlas-14  

• Each contour level represents the 
ARI/AEP equivalent of QPF expected to 
be equaled or exceeded during the 
specified time period.   



 
Web-based EPFT 

(In Progress) 

*In collaboration with Bill Lamberson (WPC) 



Challenges moving forward… 

Hurricane Matthew 2017 NWS Service Assessment 
“Difficulty in communicating the inland flooding threat is not a new issue and has appeared repeatedly in 
previous service assessments.”  
 
“Partners indicated that despite the excellent service and information provided by the NWS they were surprised 
at the magnitude of flooding they experienced and did not feel that the threat was communicated adequately.”   
 

ARIs are still widely misunderstood by the Public. 

More research needed to link ARIs to impacts.  
The NOAA Atlas 14 is a relatively new dataset just starting to gain traction in the NWS.  Continued use, 
training, and research linking specific ARIs to impacts is needed to optimize ARIs as a situational awareness 
tool.  



Available on the Commerce Learning Center (CLC) 

Training 



Thank you! 
Dr. Diana Stovern (diana.stovern@noaa.gov) 
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emilie.nipper@noaa.gov 
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jon.zeitler@noaa.gov 
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ARI data → https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/AriInstallPackage 
 
EPFT → https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/ExtremePrecipForecastTable 
 
ARIT → https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/AverageRecurrenceIntervalTable 
 
EPAT  → https://vlab.ncep.noaa.gov/redmine/projects/nwsscp/wiki/ExtremePrecipAssessmentTable 
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